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Abstract 
A solar process heat system was realized within the project “Soltex” (Solar process heat for a medium-sized textile industry 
company) and equipped with a detailed monitoring system. The solar process heat system is installed at the premise of a textile 
company located in the south of Germany providing hot water for different production processes. The solar collector field 
consists of parabolic trough collectors having a nominal collector power of 70 kWth and is installed with an east-west axis 
orientation on the roof of the building. 
The present paper will give a general overview of the system and the installed measurement equipment followed by a 
presentation of the operation results for the period of September 2013 to August 2014. 
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1. Introduction  
The company Smirro GmbH, which is part of the Thomas Preuhs Holding GmbH, has developed an innovative 
parabolic trough collector with the name smirro™. The inspiration behind the development of the smirro™ collector 
was the well-known aerofoil design of aircraft construction. This technology combines an extremely high rigidity of 
the support structure with a high precision of the mirrored surface. Within the project “Soltex” (Solar process heat 
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for a medium-sized textile industry company) a solar process heat system was realized with the smirro™ parabolic 
trough collectors and equipped with a detailed monitoring system. The present paper gives a general overview of the 
system and the installed measurement equipment followed by a presentation of the operation results of the solar 
process heat system for the period of September 2013 till August 2014. 
 
Nomenclature 
COPel  total electrical coefficient of performance [COPel]  = 1 
Eel  total electricity consumption  [Eel] = kWh 
fsav,prim  fractional primary energy savings  [fsav,prim]  = % 
Gb   direct solar irradiance   [Gb]  = W/m² 
Gdfu   diffuse solar irradiance   [Gdfu]  = W/m² 
Ghem  hemispherical solar irradiance  [Ghem]  = W/m² 
PES  primary energy savings   [PES]  = MWh 
PEFel  primary energy factor for electricity [PEFel] = 1 
PEFgas  primary energy factor for fossil fuel [PEFgas] = 1 
Șboiler  boiler efficiency    >Șboiler] = 1 
ࢡamb  ambient temperature   [ࢡamb] = °C 
ࢡcoll,in  inlet temperature of the collector field [ࢡcoll,in] = °C 
ࢡcoll,out  outlet temperature of the collector field [ࢡcoll,out] = °C 
ࢡm  mean fluid temperature    [ࢡm] = °C 
ࢡsub,in  inlet temperature of the collector subfield [ࢡsub,in] = °C 
ࢡsub,out  outlet temperature of the collector subfield [ࢡsub,out] = °C 
ሶܸ coll  volume flow rate of the collector field [ ሶܸ coll] = l/s 
ሶܸ sub  volume flow rate of the collector subfield [ ሶܸ sub] = l/s 
2. Description of the installation 
The solar process heat system is installed at the premise of a textile company located in the south of Germany. 
The system is under operation since September 2013 and has been running in automatic mode since then. The solar 
collector field consists of parabolic trough collectors of the company Smirro GmbH with a total nominal collector 
power of 70 kWth. The collectors are installed on the roof of the building (see Fig. 1). Due to space restrictions the 
field has been erected in 3 rows (subfields) consisting of 10 modules each with an east-west axis orientation. 
 
 
Fig. 1. Solar collector subfield with smirro™ parabolic trough collectors. 
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After a detailed simulation study regarding the different possibilities to integrate the solar heat into the processes 
the option shown in Figure 2 was chosen. The heat is transferred via a heat exchanger from the solar collectors to a 
hot water heat store which supplies different consumers. Due to the manufacturing processes of the company the 
volume of the hot water heat store can vary from 10 to 70 m³. 
Operation of the solar field starts when the solar radiation reaches a programmed threshold. The speed-controlled 
recirculation pump starts and the parabolic trough collectors are being focused. The water/glycol mixture is 
circulated bypassing the heat exchanger until the temperature reaches 60 °C. Afterwards the heat of the solar 
collectors is transferred by the temperature controlled three way valve to the hot water heat store via the heat 
exchanger. 
3. In-Situ monitoring 
A detailed monitoring system was installed to supervise the system and to obtain measurement data under real 
operation conditions. Figure 2 depicts the hydraulic scheme of the solar process heat system and the locations of the 
measurement sensors. The measurement of all heat fluxes enables the determination of the system performance, e.g. 
the fractional primary energy savings and the solar collector power output. Another important key value is the 
average electrical coefficient of performance (COPel) of the solar thermal system, which is calculated as the ratio of 
useful heat delivered by the system in relation to the total electricity consumption (calculated with the hours of 
operation of the system and the electrical power consumption of the components given by the manufactures) needed 
for a certain period of time. 
 
 
Fig. 2. Hydraulic scheme including measurement quantities and corresponding locations of the sensors. 
 
 
To be able to compare the performance of the solar process heat system with the performance of a conventional 
system that delivers the same heat to the heat exchanger a reference system using a gas fired boiler (boiler efficiency 
Șboiler = 0.85) was defined. The consumed primary energy is calculated for both systems using the primary energy 
factors 1.1 (kWh primary energy per kWh final energy) for fossil fuel (PEFgas) and 2.6 for electricity (PEFel) 
according to the German Energy Saving Directive 2009 (Energieeinsparverordnung: EnEV 2009). Finally the 
primary energy savings (PES in MWh) respectively the fractional primary energy savings (fsav,prim in %) are 
determined. 
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4. Results 
In the following, the measurements taken on the 9th of June 2014 have been selected being representative for the 
actual operation, during clear-sky conditions. Figure 3 displays the flow rate and the temperatures at the in- and 
outlet of the solar collector field and Figure 4 the flow rate and the power output of the solar collector field. The 
start-up of the collector field takes some time (about 30 minutes) until the outlet temperature reaches the 
programmed level of 60 °C. This is the effect of thermal capacities, thermal losses and reduced collector field 
efficiency due to a high angle of incidence and the corresponding end losses. End losses occur at non-perpendicular 
radiation on the collector surface when the rays at the end of the collector modules are reflected beyond the 
absorber. Due to space limitations on the roof, the rows (10 modules) are comparatively short, causing relatively 
high end losses. 
 
Fig. 3. In- and outlet temperature and flow rate of the collector field under clear-sky conditions (09 June 2014). 
After the outlet temperature of the solar collector field reached 60 °C (at 8:10 am) the heat of the solar collectors 
is transferred to the hot water heat store via the heat exchanger. The maximum in- and outlet temperature of the 
collector field are 58 °C and 79 °C. The maximum temperature difference between the inlet and outlet temperature 
is 21 K.  
Figure 4 displays the corresponding power output of the solar field during the 9th of June. During the start-up of 
the collector field (7:40 – 8:10 am) heat transferred to the hot water store is zero because during the start-up the 
water/glycol mixture is circulated and bypasses the heat exchanger until the temperature reaches the programmed 
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threshold. After the start-up the power output is fluctuating till 10:00 am showing the effect of tracking inaccuracies 
at times when the elevation of the sun is changing faster than during noon time. 
The average power output of the collector field (transferred to the heat exchanger of the hot water store) is 
32.8 kW with a peak power output of 51.6 kW. On this day 335 kWh heat was transferred to the heat exchanger of 
the hot water store. 
 
Fig. 4. Power output and flow rate of the collector field under clear-sky conditions (09 June 2014). 
The results of the measurements are summarized in Table 1 and partially shown in Figure 5. During the period 
September 2013 to August 2014 from a total hemispherical solar irradiation of 78.6 MWh on the collector field 
(during the time the system is operating), 21.8 MWh of heat was transferred to the heat exchanger of the hot water 
store. This results in a system efficiency (which is determined by the ratio of the measured heat divided by the 
measured hemispherical solar irradiation) of about 27.8 %. The operation of the solar thermal system required 
2.1 MWhel. Hence the average electrical coefficient of performance (COPel) of the system is about 10.7. In relation 
to the defined reference system fractional primary energy savings of 81 % were achieved which corresponds to an 
amount of primary energy savings of 22.8 MWh per year. 
     Table 1. Results of in-situ monitoring during the period September 2013 to August 2014. 
Denomination Unit Value 
Hemispherical irradiation during operation on the entire 
collector field  
MWh 78.6 
Energy from the collector circuit to heat exchanger MWh 21.8 
Mean system efficiency % 27.8 
Total electricity consumption MWh 2.1 
Total electrical coefficient of performance - 10.7 
Fractional primary energy savings % 81 
Primary energy savings MWh 22.8 
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Figure 5 shows for each month the amount of solar irradiation during operation, primary energy savings and 
fractional energy savings of the investigated system. The different ratios between primary energy savings and 
irradiations are still under investigation. Possible reasons are: 
x Changing weather conditions resulting in the operation of the collector loop but without energy transfer 
to the heat exchanger 
x Poor functioning of the tracking mechanism, e.g. the collector is only defocussing but not tracked 
completely out of the sun 
 
 
 
Fig. 5. Solar irradiation during operation, primary energy savings and fractional energy savings during the period Sep. 2013 to Aug. 2014. 
5. Summery and conclusion 
A solar process heat system with smirro™ parabolic trough collectors has been installed at the premise of a 
textile company located in the south of Germany. The system has been running automatically since its start in 
September 2013 without any significant malfunction. 
The analysis of the measurement data obtained during the in-situ monitoring shows that the investigated system 
performed quite well but can be still improved. During the one year period from September 2013 to August 2014 the 
yield from the collector field is about 21.8 MWh. The average total electrical coefficient of performance (COPel) of 
the whole solar thermal system is 10.7. In relation to the defined reference system fractional primary energy savings 
of 81 % were achieved which corresponds to an amount of primary energy savings of 22.8 MWh. 
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